Recently, many hybrid time series models have already been used to solve complexity nonlinear and financial issues. However, some hybrid models have limitations, and the accuracy of separate forecasting model needs to be improved. Therefore, this paper presents a novel hybrid dynamic stock time series forecasting model based on ANN and SVR, in order to avoid the disadvantages mentioned above. First, the appropriate data preprocessing is carried out to improve the quality of the feature. Second, it applies ANN and SVR to forecast the fluctuation of stock. Third, it improves the accuracy of prediction by dynamic adjustment bias. To evaluate the proposed hybrid and dynamic model, China stock exchange data is used as the datasets from June 8, 2015 to May 26, 2016. The results clearly show that the proposed model is able to obtain a more accurate prediction, and the accuracy can achieve 79%.
Introduction
Investors can obtain more profit and reduce risk if the fluctuation of stock price can be predicted. As the stock price forecasting effect can provide investors with more investment opportunities, research on stock price forecasts will help find the price function in the market. But there is many challenges in the stock forecasting. However, in the long run, the price fluctuation in history seems to be completely random. But, some rules seem can be found from the data in the fluctuation in the short term. Exactly, scholars' debate for the fluctuation of stock promote the progress of the methods for stock time series forecasting [1] .
However, it is generally hold that forecasting of stock volatility is a difficult task since the uncertainty, time variability, and complexity of stock market. Generally, there are two main approaches to address the forecasting of the fluctuation of stock price [2] . One is to predict the stock market by using corresponding financial factors of markets or companies. It is fundamental analysis, which estimate implied value of a stock by the analysis of various internal and external factors of a company through the use of analytical methods [3] . The other method of forecasting is the method of technical analysis, which considers stock market forecasting as a pattern recognition problem [4] . It predicts the stock market is through the use of historical data such as stock price and transaction volume time series data. Nowadays, with the development of computer science and technology, the models of machine learning has made a great progress in the field of stock market analysis and forecasting. Using the complicated non-linear analysis in the multi-dimensional spaces, the machine learning models can perform well, and hybrid models are adopted to predict the stock price, which has become a trend. The purpose of this paper is to propose a hybrid dynamic model to predict the stock fluctuation more stably and more accurately.
The remainder of this paper is organized as follows. In Section 2, we review related works. The dynamic hybrid Stock forecasting model is described in Section 3. The empirical results are discussed in Section 4, and finally, Section 5 concludes the paper.
Literature Review
More and more hybrid models have been widely used in order to improve the accuracy of prediction and the stability of the prediction method, and also to avoid the limitation of the single method [5] . For stock time series data forecasting, the effective and common machine learning methods are decision tree, fuzzy theory [6, 7, 8] , adaptive boosting, Support Vector Machine(SVM) [9] , artificial neural network(ANN) [10] , and support vector regression (SVR) [11] .
In the field of stock price forecasting, one of the predicting methods is using the predicting model that constructed to forecast stock market behavior with the aid of locality preserving projection, particle swarm optimization (PSO), and SVM [12] . Pei-Chann Chang et al. showed a novel intelligent model by weighted clustering and classification with SVM to construct a decision-making system, for the financial time series data forecasting [13] . Ahybrid model of SVM and ANN is used to predict the direction of stock price index movement [14] . Gecynalda S. da S. Gomes, and Teresa B. Ludermir propose a weighted error function approach to improve the performance of artificial neural network(ANN)-and support vector machine(SVM)-based recursive prediction models for the long-term prediction of ground water levels [15] . Jheng-Long and Wu, Pei-Chann Chang present a novel trend-based segmentation method (TBSM) and SVR for financial time series forecasting [16] .In fact, the key point to solve the problem of time series is to correct the bias dynamically [17] . While, compared with other methods, SVR and ANN have generalization ability, excellent learning ability, and high toleration error rate [18] . Figure 1 The dynamic hybrid forecasting model based on SVR and BP.
The Dynamic Hybrid Stock Forecasting Model
The core idea of dynamic hybrid stock forecasting model we proposed is to gradually reduce the error by dynamic weighted bias. Meanwhile, the hybrid dynamic model should be able to improve the accuracy of prediction and avoid the limitation of the single model.
The dynamic weighted bias processing hybrid model based on SVR and Back-Propagation neural network is shown in Figure 1 .
In the hybrid dynamic model, it adjusts the error by the bias gradually in the hidden layer of the BPNN. While, the weighted bias is calculated by BPNN and SVR model, it corrected dynamically layer by layer through the reverse propagation. The output Y is given by Equation (1).
Where, b and w are the weight of connection. E is the function of bias, and R is the activation functions of hidden layer and output layer. 
( )
In SVR model and the hidden layer of the BPNN, we adopted RBF as the kernel function, and one of the most commonly used kernel function is the radial basis function. 
Experimental Results and Discussion

Experimental Data
We got four concerned stocks series data through the crawler from the website of YAHOO financein four hot industry in Shenzhen and Shanghai stock market of China. We removed the redundant features and construct a new characteristic of the week in the step of data processing. Finally, the experimental data consists of 6 features, which are opening price, closing price, highest price, lowest price, trading volume and the week day. The training set included time series stock data in 225 continuous days, which from June 9, 2015 to April 17, 2016. The testing set included 30 days, which from April 18, 2016 to May 27, 2016.The codes of the four stocks are 000001, 300439, 600111, 601688.
In the previous experiments, it is found that the history data of stock not only have the characteristics of time series but also has the characteristic of periodicity. So, the day of the week is adopted as an important feature. In addition, all the characteristics of the data which belong to different orders of magnitude are normalized.
All experimental works in this paper are performed through MATLAB.
Valuation Criteria
In order to compare the performance of the stock forecasting models, this paper adopted three error statistics, the mean absolute error (MAE), the mean square error (MSE), and the mean absolute percentage error (MAPE) to evaluate the result. These are defined in Equation (5)-(7). 
Experimental Results
Four models are adopted to predict the volatility of stock time series data in a period of time. Among them, the two models are independent models, and the other two models are hybrid model based on Neural Network. The experimental results of the hybrid and dynamic model BP_SVR are shown in Figure 2 .- Figure 5 . The Radial basis function (RBF) is adopted as the kernel function in the independent model of SVM, SVR, and the hybrid model, which is due to the RBF function was performed better than the other kernel function in the prediction. In hybrid model, we set the training method as train lm, learning rate lr as 0.01, and the value of the nodesn1/n2 as 76/5, which is the 1 and 2 layer of the hidden layer in BPNN.
The comparison of the prediction results of the four methods for 4 stocks is shown in Table 1 . The overall comparison of the prediction results of the four methods for the 4 stocks is shown in Figure 6 . Figure 6 The Overall comparisons of the forecasting models Data can be seen from the above comparison chart and the experimental results, the best accuracy of SVM, SVR, BP_SVR and BP_SVM model can achieve 73%, 60%, 79%, 63% respectively. Among them, the accuracy of the prediction of 002155 reached 79%. Experiment data indicate that the improved hybrid dynamic model can achieve better results compared with the individual models. Meanwhile, it can be seen that the predicted result of BP_SVR is more stable. In addition, for SVR model, the selection of kernel function and the combination of different parameters are the key to obtain better results. 
Conclusions
This study proposed a novel hybrid dynamic stock time series forecasting model based on ANN and SVR for stock forecasting. There are three contributions in the experiment. First, feature processing and normalization for time series in data preprocessing is very important for the forecasting. Second, the adjustment of dynamic weighted bias can improve the accuracy of hybrid forecasting model. Third, the suitable model combination has better stability than the single prediction model. The experimental results from four real stock time series clearly demonstrated that the proposed dynamic hybrid model can improve the overall stability and forecasting accuracy of recursive prediction models for the stock dataset, and it also outperformed each of the individual component models.
